Sheet 1 of 2 4,725,509 The present invention relates to brazing filler metals. In particular, it relates to brazing filler metals which contain titanium, copper, and nickel, and are useful in brazing titanium base articles.
BACKGROUND
Aside from purely mechanical methods, the prior art shows three methods for the joining of titanium base articles: welding, brazing, and diffusion bonding. A fourth method, liquid interface diffusion (LID) bond ing, may be characterized as a hybrid of brazing and diffusion bonding. Welding, brazing, and LID bonding each use a filler metal to bridge the joint between the articles.
One brazing filler metal composition for brazing tita nium base articles is described in U.S. Pat. No.
3,652,237. The filler is fabricated as a foil, and has a nominal composition of, by weight percent, Ti-15Ni 15Cu. The filler has a composite structure, character ized by one or more layers each of copper and nickel surrounded by an outer layer of titanium. The foil suf fers from two significant problems: first, when the filler melts, the liquid must penetrate inevitable layers of titanium oxide on the foil surfaces and on the faying surface of each article. Such oxide barriers are an in pediment to optimum joint formation. Second, it has been found that the distance between the faying sur faces must be small in order to avoid the formation of voids or cracks in the braze joint. Such discontinuities are apparently caused by an inadequate supply of liquid filler metal to the gap between the articles being joined.
Other braze foils are described in U.S. Pat. Nos. 4, 026, 677, 4, 034, 454, and 4, 034, 906 . These filler metals are, generally, Ti-50Zr foils having a layer of Cu or layers of Cu and Be. Due to the toxicity of Be, its use is discouraged. The low melting point of the Ti-Zr-Cu foils precludes their use in some applications.
Various braze alloys for joining honeycomb to a facing sheet are described in U. S. Pat. No. 3, 683, 488. Layers of metal such as Au, Ni, Ag, and Cu are electro plated onto the honeycomb cell walls. However, plat ing onto honeycomb is difficult, and engineers have sought improved methods for brazing.
Filler metals for use in the LID bonding of titanium have been the subject of numerous patents. See, e.g., U.S. Pat. Nos. 3768, 985, 3, 769, 101, 3, 854, 194, 3, 981, 429, 4, 029, 479, and 4, 318, 965 . Each of these patents de scribes a Ni-Ag-Cu filler metal system wherein the copper and nickel are present in equal amounts. Layers of the three elements are deposited onto the faying surface of one of the parts to be joined, or layers are deposited onto a very thin titanium foil which is then disposed between the parts. The total thickness of the electroplated foil is about 15 microns. The thin filler is capable of providing only a small amount of liquid to the joint, and due to rapid diffusion which occurs dur ing the bonding process, the filler is liquid for only a short period of time (see U.S. Pat. No. 3, 854, 194 Notwithstanding the availability of the brazing and LID bonding filler metals used to join titanium base substrates described above, each suffers from one or more drawbacks which limits its use. Consequently, researchers are continually striving to improve upon the existing state of the art. Specifically, they seek to define an improved filler metal for use in the brazing of titanium base articles, wherein the melting and solidifi cation characteristics of the filler metal are such that wide gaps between the faying surfaces are tolerated, while at the same time, the braze joint has tensile prop erties comparable to those of the parent material.
SUMMARY OF THE INVENTION
According to the present invention, a brazing filler metal consists essentially of titanium (or an alloy thereof), nickel, and copper, wherein the weight per cent ratio of nickel to copper is about 3:2, and the com bined Ni-Cu content is between about 39-51 weight percent. Preferably, the filler metal has a central tita nium base portion and adjacent layers of copper and nickel thereon. Most preferably, the layer of copper is adjacent to the central titanium base portion, and the layer of nickel is adjacent to the copper layer. A pre ferred filler metal composition is, by weight percent, about 28 Ni, 17 Cu, with the balance Ti. The filler metal is particularly useful in brazing metallic articles which are titanium or titanium base alloys. It is also useful in brazing titanium base alloys to alloys based on nickel, iron, or cobalt.
The invention filler metal compositions, having un equal amounts of nickel and copper, have been found to have significantly better brazing characteristics than the prior art brazing and LID bonding filler metals, which teach the use of nickel and copper in equal amounts. Specifically, when the invention filler metals melt, they have better flow characteristics than the prior art fillers. That is, they fill the gap between the faying surfaces better, and allow assemblies having relatively wide gaps to be successfully and securely brazed.
The foregoing and other objects, features and advan tages of the present invention will become more appar ent from the following description of preferred embodi ments and accompanying drawings. wire, and powder. It may be fabricated as a homoge nous alloy, or, as is preferred, as a heterogeneous con posite structure, e.g., having discrete layers of each of the constituents titanium, nickel, and copper. Thus, in this specification and claims, the term "filler metal' is meant to describe homogeneous as well as heteroge neous materials. The titanium may be either elemental titanium (commercially pure), or it may be a titanium base alloy such as Ti-6Al-4V.
For fabricating the filler metal in foil form, commer cially pure (CP) foil as described in Aerospace Materi als Specification (AMS) 4900, 4901, or 4902 may be used. For fabricating the filler metal in wire form, CP wire as described in AMS 4951 may be used. For fabri cating the filler metal in powder form, unalloyed tita nium powder or alloyed powder such as Ti-6Al-4V (AMS 4998) may be used. Those skilled in the art recog nize that the choice of the particular filler metal form depends on the design configuration of the joint being brazed. In applications which utilize braze foil, the nominal thickness of the foil is about 0.005-0.010 cm. In applications which utilize braze wire, the nominal thick ness of the wire is about 0.050-0.125 cm. In applications which utilize braze powder, the nominal powder mesh size (Tyler Sieve Series) is, by weight, 90% (minimum) -80 mesh, 5% (maximum) -200 mesh. When the pow der is fabricated into the form of tape, flexible cord, or paste, as in, e.g., U.S. Pat. Nos. 3,293,072 and 4,546,047 which are incorporated by reference, the vehicle or binder should be flux free and capable of volatilizing without undesirably affecting the joint (e.g., volatilize without leaving behind any residue). The powder may also be thermally sprayed or adhesively bonded to the workpieces.
When foil filler metal is used to braze the workpieces, it is disposed between the faying surfaces of the work pieces. Wire filler metal is typically applied adjacent to the faying surfaces. Powder may be applied either be tween or adjacent to the faying surfaces. 4. The layers of nickel and copper may be applied by plating, using either electrodeposition or electroless deposition techniques known in the art. The latter tech nique may be used for applying nickel to copper plated titanium base powder particles. In such electroless de position, the composition of the nickel layer is likely to contain some phosphorus, which is typically present in the electroless nickel plating bath. However, the phos phorus does not seem to affect the brazing characteris tics of the powder. Physical or chemical deposition of the nickel and copper layers by e.g., sputtering or chem ical vapor deposition, may also be used.
In an alternate embodiment of the invention, there are multiple layers of copper and nickel, not necessarily equal in number, surrounding the center titanium por tion.
The nickel and copper layers need not be applied as discrete layers, but may be deposited as an alloy. How ever, for ease of application, discrete layers are pre ferred.
Of course, it should be recognized that while the layered structure produced as described above is pre ferred, the filler metal of the invention may be produced by other techniques. For example, the filler metal may be produced as a homogeneous alloy. Such an alloy is probably most readily fabricated in powder form. For example, to fabricate alloyed powder, techniques such as rapid solidification rate (RSR) processing may be used, as well as other techniques known in the art. While not the preferred technique for the practice of the invention, titanium, nickel and copper powderparti cles could be disposed adjacent to or between the faying surface of the articles being joined, the quantity of each being such that the invention composition described in more detail below, is achieved. Or, nickel plated tita nium powder could be applied with copper powder. An even further alternative would be to apply nickel plated titanium powder and copper plated titanium powder. Other such alternatives should be apparent. As with the first example above, the quantities of each constituent must be such that the invention composition is achieved.
Other potential methods for producing the filler metal include rolling titanium, copper and nickel sheets to produce a composite foil, or extruding layers of cop per and nickel on a titanium base wire. The thicknesses of the foils, layers, etc. must be chosen to obtain the invention composition.
The preferred, layered structure of the brazing filler metal of this invention is distinguishable from the Ti Cu-Ag-Ni LID bonding interlayer (U.S. Pat. No. 3, 981, 429) and the Ti-Cu-Ni brazing interlayer (U.S.
Pat. No. 3,652,237) discussed in the Background Art section. The Ti-Cu-Ag-Ni interlayer is extremely thin (about 15 microns), and upon melting, provides only a Small amount of liquid to the gap between the pieces to be joined. As a result, the gap must be very small, which generally precludes the use of such a filler in joining components wherein close fit-ups cannot readily be achieved. Additionally, this patent, as well as the Ti-Cu Ni interlayer patent, teaches only the use of equal amounts of copper and nickel in the interlayer. How ever, as discussed below, significant improvements in braze joint quality are achieved when the amount of nickel is in excess of the amount of copper. As is seen in the FIGURE, the composition range for the invention filler metal is by weight percent, about 15-21 Cu, 24-30 Ni, with the balance Ti or titanium base alloy. The weight percentratio of Ni:Cu should be between about 1.2:1 to 1.85:1. In other words, the nickel content (by weight percent) should be between about 1.2-1.85X the copper content (by weight percent). The most preferred composition is 18 Cu, 27 Ni, with the balance Ti or Ti base alloy; in such a composition, the Ni:Curatio is 3:2. With such composition, the most preferred brazing cycle for brazing titanium base alloys such as Ti-6Al-4V is 1 hour at about 955 C., followed by 4 hours at about 925 C. However, other cycles may be used in brazing such alloys, as well as in brazing other alloys.
As an example of 0.0075 cm thick foil having the preferred Ti-18Cu-27Ni composition, the central tita nium base portion is about 0.0050 cm thick, while the copper and nickel layers are each about 0.0006 cm thick, per side. For 0.100 cm thick circular cross section wire, the central titanium base portion is about 0.080 cm in diameter, while the combined thickness of the copper Of course, it should be realized that some variation in the thickness of the copper and nickel layers is permissi ble. These layers must, however, be applied in the proper thickness proportions, corresponding with the dimension of the central titanium base portion, to yield the invention composition.
The preferred layered structure of this invention, i.e., nickel and copper layers on a titanium base substrate, is further distinguished from the Ti-Cu-Ni interlayer de scribed in U. S. Pat. No. 3, 652, 237 . This patent teaches a brazing foil wherein layers of titanium surround and hernetically seal a nickel and copper substrate. As noted in the Background Art section, a tenacious refrac tory oxide film forms on its outer titanium surface, which inhibits the formation of an optimum braze joint. Although not wanting to be bound by any theory, it is believed that the reason the invention filler metal produces superior results is because there is apparently little isothermal solidification of the liquated filler metal while the braze assembly is at temperature, which al lows the liquid to flow laterally within the gap between the workpieces. Not until the temperature is decreased does the melted filler metal solidify.
Of course, it is always advantageous to limit the gap between the faying surfaces being joined. However, in general, it is economically advantageous to increase the machining tolerances of the parts being joined, which results in the faying surfaces gap being increased. Tests have shown that gaps of up to 0.038 cm were success fully filled with the preferred composition. Addition ally, the greater flow capability that this composition exhibits more efficiently fills in localized discontinuities of up to about 0.050 cm in depth (e.g., rough machining marks, handling defects) compared to prior art filler metals.
In tensile tests conducted on AMS 4911 specimens brazed with the invention filler metal, fracture occurred through the parent material rather than through the braze joint, thus indicating the tensile strength of the joint to be greater than parent material.
Although this invention has been shown and de scribed with respect to a preferred embodiment, it will be understood by those skilled in the art that various changes in form and detail thereof may be made without departing from the spirit and scope of the claimed in vention. percent, and the weight percent of copper is about 15-21 percent, and wherein the filler metal consists essentially of a central titanium base portion, and adja cent layers of a copper-nickel alloy.
6. A method for brazing at least two metal articles, comprising the steps of providing a filler metal consist ing esentially of, by weight percent, Ti or Ti base alloy, [24] [25] [26] [27] [28] [29] [30] [15] [16] [17] [18] [19] [20] [21] Cu between or adjacent to the articles to be brazed, to form a braze assembly; heating the assembly at a temperature to cause melting of the filler metal; and cooling the assembly, wherein the filler metal consists essentially of a central titanium base por tion and adjacent of different metals, wherein a layer of copper is adjacent to each side of the central titanium portion and a layer of nickel is adjacent to the copper layers.
7. The method of claim 6, wherein both of said metal articles are titanium base.
8. The method of claim 6, wherein said metal articles are selected from the group consisting of titanium, nickel, cobalt, and iron base alloys.
9. The brazed article formed by the method of claim 6. t is
